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@ Abrasive product having a binder comprising an aminoplast binder. 



) This invention relates to abrasive products having a resinous binder. The abrasive products can be 
bonded abrasives, coated abrasives, or nonwoven abrasives. In the manufacture of coated abrasives, 
the mai(e coat and abrasive grains are first applied to the backing, then the size coat is applied, and 
finally, the constructton is fully cured. Generally, thermally curable binders provide coated abrasives 
with excellent properties, e.g., heat resistance. In order to obtain the proper coating viscosities, soWent 
is commonly added to these resins. When polyester or cellulosic backings are used, curing ternperature 
is limited to about 130°C. At this temperature, cure times are long. The long cure time along with the 
solvent removal necessitates the use of festoon curing areas. Disadvantages of festoon curing areas 
include the fbnnation of defects at the suspension rods, inconsistent cure due to temperature variations 
in the large festoon ovens, sagging of the binder, wrinkling of very flexible webs, and shifting of abrasive 
grains. Furthermore, festoon curing areas require large amounts of space and enormous amounts of 
energy. Radiation curing processes have been used in an attempt to avoid the disadvantages of festoon 
ovens. This invention provides abrasive products comprising abrasive grains bonded together or 
bonded to a baddng by means of a binder comprising an ollgomeric aminoplast resin having on 
average at least one pendant a,p-unsaturated carfoonyl group per ollgomeric unit The ollgomeric 
aminoplast resins polymerize via free radical polymerization at the site of the a,p-unsaturation. 
Polymerization is initiated by a source of free radicals. The source of free radicals can be generated by 
electron beam radiation or by an appropriate curing agent or initiator upon exposure to heat or 
radiation energy. The coated abrasive of this invention demonstrates improved grinding perfonnance 
under severe conditions as compared - vnth coated abrasives comprising radiation curable resins 
heretofore known. 
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Background of the Invention 

1. Field of the Invention 

5 This invention iBlates to abrasive products having a resinous binder. The abrasive products can be bonded 

abrasives.. coated abrasives, or nonwoven abrasives. 

2. Discussion of the Art 

10 Coated abrasives generally comprise a flexible backing upon which a binder holds and supports a coating 

of abrasive grains. The backing can be selected from the group consisting of paper, doth, film, vulcanized fiber, 
etc. or a combination of one or more of these materials, or treated versions thereof. The abrasive grains can 
be formed of flint, garnet, aluminum oxide, ceramic aluminum oxide, alumina rirconia, diamond, silicon cartide. 
etc. Binders are commonly selected from phenolic resins, hide glue, urea-fonmaldehyde resins. ureOiane resins, 
IS epoxy resins, and vamish. 

The coated abrasive may employ a "make" coat of resinous binder material in order to secure the abrasive 
grains to the backing as the grains are oriented, and a "size" coat of resinous binder material can be applied 
over the make coat and abrasive grains in order to firmly bond the abrasive grains to the backing. The binder 
material of the size coat can be the same material as the binder material of the make coat or of a different ma- 
ze terial. 

In the manufecture of coated abrasives, the make coat and abrasive grains are first applied to the backing, 
then the size coat Is applied, and finally, the construction is fully cured. Generdly, thermally curable binders 
provide coated abrasives with excellent properties, e.g:, heat resistance. Thermally curable binders include 
phenolic resins, urea-fonmaldehyde resins, urethane resins, melamine-formaldehyde resins, epoxy resins, and 

25 aikyd resins. In order to obtain the proper coating viscosities, solvent is commonly added to these resins. When 
polyester or cellulosic backings are used, curing temperature is limited to about ^30°C. At this temperature, 
cure times are long. The long cure time along with the solvent removal necessitates the use of festoon curing 
areas. Disadvantages of festoon curing areas include the formation of defects at the suspension rods, incon- 
sistent cure due to temperature variations in the large festoon ovens, sagging of the binder, wrinkling of very 

30 flexible webs, and shifting of abrasive grains. Furthenmore, festoon curing areas require large amounts of space 
and enormous amounts of energy. ^ 

Radiation curing processes have been used in an attempt to avoid the disadvantages of festoon ovens. 
For example, Offanlegungsschrift 1,956,810 disdosea the use of radiation for the curing of unsaturated polyes- 
ter resins, ackl hardenable urea resins, and other synthstk: resins especially in mixtures with styrene. U.S. 

35 Patent No. 4.047.903 disdoses a radiation curable binder comprising a resin prepared by at least partial reac- 
tion of (a) epoxy resins having at least 2 epoxy groups e.g.. from diphenylolprbpane and epichlorohydrin, v/lth 
(b) unsatorated monocarboxylic acids, and (c) optionally polycartjoxylic acid anhydride. U.S. Patent 4,547,204 
discloses the use of radiation curable acrylated epoxy resins in one adhesive layer of the coated abrasive and 
the use of a heat curable phenolic or acrylic latex resin in another adhesive layer of the coated abrasive. 

40 Although radiation curable resins solve the problems associated with thermally curable resins, with respect"! 

to festoon ovens, the radiation curable resins are generally more expensive than the thenmally curable resins. 
In many abrasive products this increase in cost cannot be tolerated and thermally curable resins are still utilized. 
Also, radiation curable resins generally do not exhibit the heat resistance necessary for severe coarse grit 
coated abrasive appiicattons. In an attempt to soh^e these problems. U.S. Patent No. 4,588.41 9 disdoses an 

45 adhesive for coated abrasives comprising a mixture of: (a) electron beam radiation curable resin system com- 
prising an oligomer selected from the group consisting of urethane acrylates and epoxy acrylates, a fHler. and 
a diluent and (b) a thermally curable resin selected from the group consisting of phenolic resins, malamlne 
resins, amino resins, alkyd resins, and furan resins. U.S. Patent No. 4,927,431 disdoses an adhesive for coated 
abrashres comprising a mixture of: {a) radiation curable rtionbmer selected from the group consisting of iso- 

50 cyanurate derivatives having at least one terminal or pendant acrylate group, isocyanate derivatives having at 
least one terminal or pendant acrylate group, and multifunctional acrylates having oh average at least three 
pendant acrylate groups, (b) a thermally curable resin selected from the group consisting of: phenolic resins, 
• epoxy resins having an oxirane ring, urea-formaldehyde resins, melamine-formaldehyde resins, and polyimide 
resins. However, the radiation curable resin and the thermally curable resin disclosed in these patente do not 

55 co-react or copolymerize. It is desired that the radiation curable resin and the thennally curable resin 
copolymerize in order to form a tightly crosslinked network, thereby providing improved thermal properties 
necessary for severe coated abrasive applications. J 
U.S. Patent 4,903,440 disdoses an abrasive artide comprising abrasive grains and a binder formed from 
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SI o. copoW. 1= <«m . binder «,at to, a «9h«, c»s5l.nk«l reWort.. 

Summary of the Invention 

™sinven«onprovidesab™siveproduc.comp^^^^^^^ 

ing by means of a binder oomprising an irbony. groups include 

a.p-unsaturated ca^onyl group per o,.g^^^^^ 

acrylates. mett^acrylates. ^^^^^^S of me f ^^^S^^^ Polymerization is initiated by a source of free 
free radical polymenzation at J^^^ Lam radiation or by an appropriate curing 

radicals. The source of free radicals can be generated by e^ectn, generated by exposing the 

agent or initiator. If a curing agent or initiator is «'"P'°y®'*\*^f " resins can also ^ 

curinga9entorinitiatortoeitherheatorrad.ationenergyMnadd.t.ont^^^^^ ' 

SnJin pendant amino(-NHR)orhydroxy(-OH)^^^^^^^^^^ 

of the -NHR and -OH functional groups via a f j unsubstrtuted. but if substituted, the. 

'"^"SSSllnop.-.».lnh»,ln,co,»»™^«..-.on.. ™» pr.,e„b„ «.eas, 1.,, pand.n...p- 
unsstumM caitonyl VWt ollgomwio ui* e-ui^iuralKl eaibonyl 8io"P P" 

one pendant -NHR or -OH functional group per oHSomenc unit ^ligomeric aminoplast resin 

The method of preparing the abras^es of .nven^.on^ 
« ation curable resins and themially curable '^^'"^ J^^^ "^Jf °' curable resins only, and 

resins results in a reduced cost, as ^-l^P^^^^ ^'^ 1" , o?^^^^^ present invention equals 

eliminates the need for festoon ovens. The performance erf ^^-J ~at^^^^^^^^^ coated abrasive of this 

z^'.z^:^'Zzr:^.i Zo:::::zTs:^:^^ ^..^.s as .mpared ..ed 

50 abrasives comprising radiation curable resins heretofore known. 



Brief Description of the Drawings 

FIG 1 Illustrates In cross section a coated abrasive on a cloth backing. 
fig'. 2 illustrates In cross section a coated abrasive on a paper backing. 
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Detailed Description 

Coated abrasive articles that may be produced by the resin systems of this invention are illustrated in FIGS 

1 and 2. As illustrated In FIG. 1, the coated abrasive article generally indicated as 10 is doth backed. Cloth 12 
has been treated with an optional backsize coat 14 and an optional presize coat 16. Overlaying the presize 
coat is a make coat 18 in which are embedded abrasive grains 20. A size coat 22 has been placed over the 
make coat 18 and the abrasive grains 20. There Is no clear line demarcation between the backsize coat and 
the presize coat which meet in the interior of the cloth backing. 

In FIG. 2, there is illustrated a coated abrasive article generally indicated as 30 which is formed on a paper 
backing 32. Paper backing is treated with a backsize coat 34 and presize coat 36. The presize coat is over- 
coated with a make coat 38 in which are embedded abrasive grains 40. The abrasive grains 40 and make coat 
38 are overcoated with a size coat 42 which aids in holding the abrasive grains 40 onto the backing during utili- 
zation and further may contain grinding aids. 

As used herein, the phrase "binder precursor" means a resinous material which either secures the abrasive 
grains to a backing or secures the abrasive grains together to form a shaped mass. Upon polymerization or 
curing, the binder precursor becomes a binder. The binder precursor of this invention comprises an oligomeric 
aminoplast resin having on average at least one pendant a.^runsaturated carbonyl group per oligomeric unit 
As used herein, "oligomeric aminoplast resin" is the same as holigomeric aminoplast resin having on average 
at least one pendant a,p-unsaturated carbonyl group per oligomeric unft". 

The oligomeric aminoplast resin of this Invention is considered to be an oligomer. In general, an oligomer 
has a repeating cheiriical structure or unit Oligomers, as defined in R.B. Seymour* C.E. Carraher. Jr., Polymer 
Chemistry. 2nd Ed., are ve»y low molecular weight polymers in which the number of repeating units (n) equals 

2 to 10. A monomer, on the other hand, consists of one unit. l.e., n equals one. There are no repeating units 
in a monomer. Oligomers tend to have higher molecular weight and tend to be more viscous than monomeirs. 
However, oligomers tend to have better thermal properties than monomeric materials. 

In general, aminoplast resins refer to the dass of thermosetting resins obtained by the reaction of amino 
compounds with aldehydes to produce compounds having hydroxyalkyi groups. The most common aldehyde 
is formaldehyde, which reacts with the amino group (-NHR) to produce compounds having hydroxymethyl 
groups. Other commonly used aldehydes indude acetaldehyde. glutaraldehyde, glyoxylic acid, acetals, malon^ 
dialdehyde, glyoxal, furfural, and acrolein. Compounds having hydroxyalkyi groups will either condense with 
each other or with compounds having amino groups to produce a crosslinked thermosettable network. Aminop- 
lasts are thermosetting, and when crosslinked, produce an insoluble and infusible resinous network. The 
crosslinked aininoplast resins of this invention have high strength, rigidily. diniensional stability, heat resist- 
ance, and absence of cold flow. Aminoplasts have on average more than one reactive site per molecule. The 
reactive site can either be an -NHR or an -OH functional group. The R substituent of the -NHR groups is typically 
a hydrogen atom or a hydrocarbon, v»rhich may be substituted orunsubstituted, but if substituted, the substituent 
or substltuents should be those that do not inhibit or prevent polymerization; Typical examples of the R sub- 
stituent indude alkyi, e.g., methyl, ethyl, aryl, e.g., phenyl, alkoxy, and carbonyl. Representative examples of 
aminoplast resins indude urea-formaldehyde, melamine-formaldehyde, guanamine resins such as ben- 
zoguanamine-formaldehyde and acetoguanamine-formaldehyde, aniline-formaldehyde, toluenesulfonamide- 
formaldehyde, acrylamide-formaldehyde, and ethyleneurea-formaldehyde. 

To forni the aminoplast resins specifically suitable for the present invention, the amino compound is first 
reacted with the aldehyde so that at least one of the -NHR groups in the amino compound is reacted with the 
aldehyde; the resulting product is then reacted with a second compound, which is oligomeric in nature, to pro- 
duce an oligomeric aminoplast resin having on average at least one pendant a,Mnsaturated carbonyl group 
per oligomeric unit 

In order to form an aminoplast resin with the requisite number of pendant a,p-unsaturated carbonyl groups 
per oligomeric unit, the starting aminoplast must have on average at least one activated or reactive -NHR groups 
per molecule or oligomeric unit The starting amino compound can be added to a reaction vessel along with 
an aldehyde in a molar ratio of one mole aminoplast to between one to m moles aldehyde, where m is the num- 
ber of reactive hydrogens of the aminoplast Fonnaldehyde is the preferred aldehyde and is commercially avail- 
able, typically as a 37% aqueous solution. This reaction mixture is heated between 40 to SO-C to cause the 
following reaction, depending upon Uie starting materials: 



EP-0 500 369 A2 



REACTION .1 



R2hfH2 + R'CHO R^NHCHOH 

R» 

where R1CHO represents an aldehyde; R^NHz represents an annino group; represents a member of the group 
10 selected from hydrogen, alkyi group, preferably having 1 to 20 carbon atoms, inclusive, alkenyl group, prefer- 
ably having 1 to 20 carbon atoms, inclusive, and aryl group, preferably having 1 ring; R2 represents any deac- 
tivating group which will allow, the reaction to occur. As used herein, a "deactivating group" is an 
electron-withdrawing group, such as carlranyl, sulfonyl, chloro, and aryl. When R' represents ah alkyI group, 
alkenyl group, or aryl group, it can be substituted or unsubstituted. If Ri is substituted, the substituent can be 
IS any group that does not interfere with Reaction I. Examples of R'CHO include fomialdehyde, propionaldehyde, 
benzaldehyde. Examples of R2 include a carbonyl group, a triazine ring, adeactivated ring, or a sulfonyl group. 
The hydrogen atom attached to the nitrogen atom is considered to be a reactive hydrogen with respect to further 
condensation. 

The amino compound with the hydroxyalkyi group(s) is then reacted with an oligomeric material to form 
20 the oligomeric aminoplast having on average at least one pendant a,p-unsaturated carbonyl group per 
oligomeric unit These oligomeric materials typically have between 2 and 10 repeating monomelic sections. 
This oligomeric material forms the backbone of the oligomeric aminoplast resin. This oligomeric material must 
have on average at least one pendant reactive site to form the oligomeric aminoplast resin suitable for use in 
this invention. These reactive sites react with the hydroxyalkyi group from the amihoplast to form unsaturated 
25 amidoalkyi substituents. Examples of such oligomeric materials include phenol novolac resins, and the 
novolacs of cresols, naphthols, and resorcinds. 

The preferred oligomeric material is a phenol novolac resin. Typically the phenol novolac resin is made by 
reacting a phenol monomer with an aldehyde in the presence of an acid catalyst, with the molar ratio of the 
aldehyde to phenol being less than one. Examples of aldehydes used to prepare novolacs include fomial- 
30 dehyde, acetaldehyde, propkinaldehyde, glyoxsd, and furfural. The preferred aldehyde is formaldehyde 
because of Its availability, reactivity, and low cost A typical phenol novolac resin is Illustrated below: 



CHEMICAL STRUCTURE E 

35 



OH OH OH 



40 




45 There are essentially no hydroxymethyl gnaups present for further condensation. Typically these materials 

have a molecular weight ranging from about 300 to about 1,500. Additionally, the starting phenol monomer can 
be substituted with various groups such as alkyI, alkoxy, carboxyl, sulfonic acW, so long as there are' at least 
two reactive sites remaining to fbmi the novolac. 

Instead of using the phenol monomer, other chemicals can be reacted with the aldehyde to produce a 

50 novolac type resin. Examples of these chemicals include: cresol, xylenoi, resorcinoi, catechol, bisphenol A, 
naphthols or combinations thereof to form a novolac resin. 

To form the oligomeric aminoplast resin of this invention, the aminoplast having hydroxyalkyi groups and 
the oligomeric material are first combined in a reaction vessel along with an acid catalyst Representative exam- 
ples of acid catalysts include trifluoroacetic acid, p-toluenesulfonic acid, and sulfuric acid. Then, the reaction 

55 mixture is gently heated to about 30 to lOCC. preferably 70 to 80°C to bring atKtut any one of the following 
reactions: 
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REACTION III 
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OH OH OH 




OH OH OH 



AO 



45 




SO 
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REACTION V 




^im "NH NH 

o=-C o=C 



^»r« R1 i.. as defined above" R* represents a subsUtuent. or combination of substituents. that does not 
^vTJy ff::tttTett^n%s.epre^ 

LftaSSudl hydmgen. ikyi group, preferably having 1 to 20 carbon atoms inclusive, a kojcy grou^ 
p^Srab Whaving 1 to 2^ caLn atoms, inclusive. -OH group, rnercapto group. 93^^^^^/3^^^^^ 
LaromLringtowardelectrophllicsubstitution.The8etypesofieact,onsarecommonlyreferredtoasTsch^^ 

"'"VtT^llay SsTdi reactions and other products formed from Reac«ons through ,IV 

E^Zof the type of reaction encompassed by Reaction V can be found ,n^e ollow.ng reference. 
7=„n; H F • W B Martin -Alpha-Amido alkylations at Carbon", Organic Reactons, Vol. 14. 1965 pages 52 o 
77,andHellmann. H.. J' 2n.Z02, both of which are incorporated herein by reference. 

nrctr.ri':gr:S^^^^^ 

in Reactions II through IV. n is preferably an integer between 0 ^"''.^•f^;^"^^ 

there is a monomeric repeating unit Thus, when these two monomenc repeating units are added to n. the tota. 

"nroiTKrtrorgrer^^^^^^ 

tbiink AM products. 
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CHEMICAL STRUCTURE A 



1 I ° 



r 

CH-CH, 



CHEMICAL STRUCTURE B 



ROCH2 CHiNHCCH=CHi 



ROCBa^ ^CHjNHCXH-CHj 



NHCH,*^ ^ ^CHj-OCH5-{CHj)rCH2Cr-CH, 

r 

CH=C31a 



.CHjO- 



CHiNHjjCH-CHj 
O 



CHEMICAL STRUCTURE C 



ROCH2 
CH2=aiCNHCH: 



7 OX v^^- 



CH2NHCCH=CH2 
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CHEMICAL STRUCTURE D 



ROCHj^ ^CH2NHCCH=CH2 
NHCHz' CH2NH|jCH=CH2 

c=o o 

CH2(CH2)6CH=CHCH2CH=CH(CH2)4CH3 



"""^Hr^nr^me bfndrp«l^^^ can comprise a blend of the oligomeric aminoplast res.n 
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H<»e«r. Ihls ln.eatlan o.ercome. tte problem by "'"f '"' "^^^^ „as in.pi»»<l resistance to motetLi. 
no,..beres.e,n..o..eb„..n*r»^..»;»J^-^^^^^^^ 

a,ecu™dbyl»et.Ten<pe™ture=n<.pHs«a*»rllyaflMltb.™^^^ Teslgnat... b, lb. fo«o«ln9 

reLrr."csr;=sr::re&^ 
cr^^rrtSTpSjrrp^r^^ 

to from about 25 parts by weight to about 75 P^^^^''^ carbonyl group can be added to the 

conventional aminoplast resins not havir^a p^^^^^^^^ 
binder of this invention and copolymerized through the site of the on or 

"^"-TS^^i^^el^X^S, compounds .sefui in the po.yn,eri»b.e mixture of this inventton have an 



oxiratie ring, 



\/ 



3nd*ecompoundispo.ymer.edby,ngopenin.^ 

the -OH site of the aminoplast This reaction is not a epoxides, include monomeric epoxy 

*Lted by an acidic or basic catalyst. ^"'^J ^'"S";;;^;^^^^^^^ of their backbones and sub- 

compounds and polymeric epoxy substituent groups thereon can be any 

.stituent groups. For example, the ^^«'=^i°^^'^y3';«f/i^^ oxirane ring at n,om temperature. Represen- 
group free of an aoOve hydrogen atom which is ^^^'^^^J^^f! ^^^^^ ester groups, ether groups, sulfonate 
Lve examples of acceptable substituent 1';°^^^^^^^^^'^^^ of the epoxy-containing 

groups, snoxane g^^. l^^b" 4^^^^^^^^^^^^ *° 

rated carbonyl groups of the oligomericam.nop^asUe^s.n^ monomeric or polymeric com- 

Ethylenically unsaturated compounds ^"'^We for th« „ ^^e halogens. Oxygen 

pounds thatcontain atoms of carbon, ^'y^"^^"'^"^^^^ „retha^^ and urea groups. The compounds 
andyor nitrogen atoms are genera^J. present .ne^^^ 
preferablyhaveamolecularweightonessthanab^^^^ 

hydroxy and polyhydroxy group ^'^P^^' ^ 3,id^a,eic acid, and the like. Representative exam- 

„ methacrylic acid, itaconic acid croton|C aad n,ethacrylate. ethyl methacrylate. 

pies of preferred ethylenicaliy "^^^ and methacrylate, hexanedioi diacryiate. 

styrene. divinylbenzene. vinyl t°'"«"«'^*y't"%l^!llp^^^^^^^ 
,r^thylenBglycoldiacrylateandmethacrylate.tnm^^^^^^^ 

triacryiate and methacrylate. pentaerythrrtol '^^^f ^^y'^^!^"; ^ 

» rr^^e^rrtsr^s^;^^^^^ 



EP 0 500 369 A2 



diallyl adipate. and N.N-diallyladipamide. Still other nitrogen-containing compounds .ndude ^(2-aay^oyl';Oxy- 
ehvSlsocyanurate. 1.3.5-tri(2-methacryloxyethy1)-s-triazine. acrylamide. methacrylam.de. N-'"eUiy«ac- 
^laSe!'N.N-din;ethylacrylarnide. N-viny.pyrrolidone. and N-vinylpiperidone. It ' 
ethylenitially unsaturated compounds be acrylic compounds because of the.r ready ava.iab.Lty and high rate 

°^ As mentioned previously, the bond system of the abrasive article comprises a binder preoureor and opBonal 
addi^ver^h2e additivesindudeffllers.f,bers. lubricants, grinding aids 

dyeTcouplilig agents, plasticizers. and suspending agents. The amounts of these matenals are selected to 

^'"M p'X^ to add^'a filler with the oligomeric aminoplast resin of the invention to fom, the bond system^ 
The filler can be selected from any filler material that does not adversely affect the character«bcs of he l>ond 
svSem ^^fS-red fillers include calcium carbonate, calcium oxide, calcium metasllicate. alumina tnhydrate. 
Srlite mTonSia kaolin quartz, and glass. Fillers that function as grinding aids include cryol.te. potassium 
fl^onS^rTt^ fSJpar ld sulfur can be used in amounts up to about 250 parts by weight, preferably 
i^m ab^u! 30 to about 150 parts by weight, per 100 parts by weight of binder precursor whfle retam.ng good 

nroCltrnoXVr:s;^x^^^^ 

ration Polymerization can be initiated by a source of free radicals. The soun» of free radicals can l^e generated 
S^elec^nTeamradiationorbyanappropriate^^^^ 

ttien the source of free radicals is generated by exposing the curing agent or Initiator to either ^eat ^ rad«b«^ 
energy. During the manufacturing process, the binder precursor is either exposed to radiaton energy and^ 
heat which ulLately initiates the polymerization or curing of the oligomeric ^"^^ 
erkation or curing step, the oligomeric aminoplast is no longer a resin, but a thenrioset polymer. 

Bect^n beam radiation is also known as ionizing radiation and has preferably 
20 MraTmore preferably a dosage level of 0.1 to 10 Mrad. The amount of electron beam radiation depends 
uDon the degree of polymerization or cure desired of the binder. 
"^ Examples of cuSng agents or initiators that generate a source of free radicals when ^''P^-^^^^^^^ 
temperatures, include peroxides, e.g., benzoyl peroxide, azo compounds, benzophenones. and 

Tt"e Sn^er precursor contains a thenr^al inlBator and It is desired to cure f^fj JJ-^!^^^^^ 
the temperahjre of the oven should be set to lOO-'C for 4 hours. Long cures. I.e.. 12 houre at JOO C. c^n be 
er^pToyedespeciallyifthebindercontainsaresolephenolicres-,^^ 

Dwahires that the synthetic backings or paper backings used in abrasive products can withstand 
' ^^am^e ScuTn^gants 

include organic peroxides azo compounds, quinonea. benzophenones. nitroso compounds, acprl ^ajd^. hyd- 
razines mercap to compounds, pyiylium compounds, triacrylimidazoles. bisimidazoles. haloalkylfr.azines. 
be?=Sn el^S^Senzi. Retels. thtoxT*ones. and acetophenone '^r'^^^' Tf'^lT^^^^^^^ 
cal photoinWator systems for ethylenically-unsaturated compounds are included n U.S. Patent N°;3'887^50 
Jo il 4 and US Patent No. 3.895,949 (e.g.. col. 7). Other desirable photoinitiators are chloroalkyltnazines 
^ In U S PatT^ No 3 775 1 1 3 Another good refererice to free-radical photolnitiator systems is J. 

Kosi Ught^^^^^^^ (^9B5). especially Chapter 5. Ultraviolet radiation 

means non particulate radiation having a wavelengtii within the range of 200 to 700 nanometers. motB prefer- 

liahtare disclosed in assignee's U.S. Patent 4.735.632. incorporated hereinafter by reference. Visible light rad i- 
Son ^aS non par«cuL radiaton having a wavelength within the range of 400 to 800 
prSerably between 400 to 550 nanometers. The rate of curing with any energy source varies according to the 
resin thickness as well as the density and nature of composition. 

The tacking of the coated abrasive, as previously mentioned, can be paper, doth, vulcanized fiber, filnn 

orany^lrbXm^^^^^ 

to teat tt^B backing material, e.g.. doth, paper, or plastic sheeting, to saturate or provide a bade or front coat 

LraS.toprovra;;;:;kea;atS^ 

coat for tenaciously holding abrasive grains to the backing material. „t^„r^ 

VTe binder precursor of the present invention can be applied to the badelng ir. one or more ^^-^^^^^^ 
to fon^ a treatment coat The treatment coat can be cured by a souree of radiation en^gy °^ J^" 
be™ rther cured themially in a drum form. There is no need to cure the backing ■"J«='°°" ^^^"^J" "^^^^ 
^ttietSatment coat or coats. Itispreferabletocurethetreatmentcoatorcoate^ 

on y After the bad^ing has been treated with a treatment coat, the.make coat can be ^^^.^^^^^^^ 
coat isapplied. the abrasive grains are applied over the make coat. Next, the make coat, now bearing abraswe 
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• ■ •» to a source of radiation and. optionally, to heat by means of a dmm cure, which generalhr 

?i?olS^eSraminS.la8t resin of the Invention can be present in either a liquid or a Po-^e'^ J °^ 

?heTd^tege of the abrash^e artide of this invention over those of the P"°V-^ .^^'^^^^^^^^ 

abrasive products tested below represent an average of at least two belts or discs. 

in the subsequent examples, the following abbreviations are used: _ 
AMP Monomeric aminoplast made in manner Similar to Preparation 4 of U.S. Patent No. 4.903.44O 
PH1 2,2-dimethoxy-1,2-diphenyl-1-ethanone(photoinitiator) M«innation -Wollas- 

CMS cklcium met^ilicate fHler. purehased from the Nyoo Company, under the trade designation "Wollas 



tokup' 



Preparation A 

Preparation A demonstrates a method for preparing a novoiac phenolic resin designated hereinafter as 
''"'a two-liter, three-neck flask was fitted with a reflux condenser and a "^^^^f^^^^f^^^^^^^^^ ^Z^l 
onto the flask Then water was distilled at atmospheric pressure and at a flask temperature or 
liquid novoiac phenolic resin. 

14 
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Preparation B 

PreparaUon B demonstrates a method for preparing an oligomeric aminoplast having on average at least 
one pendant a.p-unsaturated carbonyl group per oligomeric unit. This material was an acrylamidomethylated 
novolac phenolic resin designated hereinafter as AMN1. 

A tvw>-liter three-neck flask was fitted with a reflux condenser and a mechanical-stin-er. A 37% aqueous 
fbnnaldehyde solution (69 g). acrylamide (151 g). and. 95% pure parafomialdehyde (53.7 g) were charged into 
the flask The contents of the flask were stirred and wanned to about 45 to 50°C with an oil bath. A creamy 
suspension formed, and at this point five drops of a 50% aqueous sodium hydroxide solution was added to the 
flask The contents of the flask were stirred continuously until a clear solution formed. Next, acrylamide (151 
g) and paraformaldehyde (53.7 g) ware added to the flask. The contents of the flask were stirred continuously 
and warmed with the oB bath until a clear solutton formed again. Once the clear solution was formed, stimng 
was continued for an additional 20 minutes. Next, PN1 (novolac phenolic resin from Preparation A. 340 g) and 
eight drops of methanesulfonic acid were added to the flask. The temperature of the oil bath was gradually 
raised to 80»C. and a solution of 2.8 grams of methanesulfonic acid in 70 ml of 2-ethoxyethanol vras added. 
The contents of the flask were held at 80°C for three hours, and then the oil bath was removed. The reaction 
product was neutralized by the addition of 2.2 g of a 50% aqueous solution of sodium hydroxide. The prodiict 
vras a viscous creamy liquid containing about 85% solkJs. 

Preparation C 

Preparation C demonstrates a method for preparing an oligomeric aminoplast having on average at least 
one pendant a.p-unsaturated carbonyl group per oligomeric unit This material is an acrylamidomethylation of 
novolac phenolic resin designated hereinafter as AMN2. 

Into a one-liter, three-neck flask equipped with a paddle stirrer, heating mantle, and thermometer were 
added 282.3 g (3 moles) of molten phenol. The temperature was maintained at SCC and the contents of the 
flask were stirred continuously. Next, p-toluenesulfonic acid hydrate (0.8 g) was added to the phenol. The addi- 
Hon resulted in an exotherm, which raised the temperature of the mbcture to about 70''C. Then, in 10% Incre- 
ments, 91% pure paraformaldehyde (66 g. 2 moles) were added to the flask such that the temperature was 
maintained at about 90°C. ,^ ^ . ^ 

After all the paraformaldehyde had been added and the exothemi had subsided, the temperature was 
raised so as to cause reflux, and this temperature was maintained for two hours. Next, phenothiazine (0.2 g) 
was added to the flask. The contents were then cooled to 70''C and 48% aqueous N-methylolacrylamide (840 
g 4 moles) was added, which resulted in the cooling of the flask's contents to a temperature of about SCC. 
The temperature of the flask's contents was raised to 80''C and held for 2-1/2 hours. Then potassium acetate 
(1.0 g of a 50% solution) was added to the flask and the resulting mixture stirred for five additional minutes. 
Tlie contents of the flask were then cooled to 60°C. Stinring was discontinued, thereby allowing the reaction 
product. I.e.. the resin, to settle to the bottom of the flask. When the temperahjre of the reaction product reached 
40"'C. the resin layer was removed from the flask. The yield of resin was approximately 500 g. 

Preparation D 

Preparation D demonstrates a method for preparing a novolac phenolic resin designated hereinaflBr as 

'''^^In a one-liter, three-neck flask Were charged molten phenol (300.7 g. 3.2 moles) and anhydrous oxalic acM 
(1 6 g 0 18 iTKile). The flask was equipped with a paddle sUrrer. a heating mantle, and a thermometer. The tem- 
perature was held at 50°C as 91% pure paraformaldehyde (52.5 g, 1.6 moles) was added portion-wise to the 
flask, while the temperahjre was maintained at or below 90°C. After the addition of the parafomialdehyde. and 
after the exotherm had subsided, the contents of the flask were refluxed for two houre. 

Preparation E 

Preparation E demonstrates a method for preparing an oligomeric aminoplast having on average at least 
one pendant a.p-unsaturatBd carbonyl groups per oligomeric unit. This material Is an acrylamidomethylation 
of novolac phenolic resin designated hereinafter as AMN3. 

Into a two-literflask equipped as in Preparation C was charged a 37% aqueous formaldehyde (81 g, 1 mole). 
The formaldehyde was stirred as acrylamide (71.1 g. 1 mole), followed by phenothiazine (0.06 g) were added 
thereto. The pH of the rBSulting mixture was adjusted to about 8 by means of a 50% aqueous NaOH solution. 
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™M.h,de (231 9. 7 n,ol«) we«, '° "J* Xhe addition of *. 50% N»OH sol- 

J^islum aeeate solutloo. Th. ~c«on n**..o was then cooled » 40 C. 

Preparations F-l 



Preparation F 
. .ntoaone..ter.tHree-nec.«asKe.uipp^^^^^^^^ 

rhoursTnd then cooled to 70»C. The resulting m^^^^^^ 

into a second one-liter, tlnree-neckfla^ equipped ww^ a p^^^^^^^^^ 

denser, and thermometer was charged ^^^/^"^XS^^^^^^^ I 6 drops of a 50% aqueous NaOH 

stirred while phenothiazine (0.05 g) was «f «f .^^^Jf^^^^^^^ (141 .9 g. 4.3 moles) were 

solution. Next, acrylamide (355.4 g. 5 moles) and 91% P^^^^^/^^^^ j^e two components was 
added portionwise to the flask In an alternating manner, t^^^^"'^^ The contents of the flask were 
:;proxrmately0.5hour.sothatgoodfluWftyofth^^^ 

gently heated to 50-C to assist In the f until the solids dissolved. 

After the addition of the two components the t^at contained the PN4. The combined 

The resulting dear solution was added '^^^'"^^ °" ^^^^ Surs. Then a 50% aqueous potas- 

reaction contents were hefited to 70-C and held J* *^*^^;;3^^^^^^^ «,ere stirred as the mixture was 

i"^2t:rariSin^^=^^^^^ 

designated AMN4. 
Preparation G 

,„toaone.lter..three-neckfla2^«^^^^^^^^^^ 
, and thermometer were <?harged rr^rften phe^^^^^^ ^oles) was added to the flask in one 

The contents wera stirred as 91% ^^^^'^^^^^''^^^^^ 

portion. The contents of theflask were heated to 75 C. w^^J^J^P^^^^ ^ temperature of about 90-C. Then the 
which contained the reaction contents, was '^^^^^ 'o these reaction contents were added 

reaction contents were refiuxed for two hours ^"'^ ^°°'^J,^J°^ (606 g. 6 moles), while the tern- 

rjfi-roo^iLznsto-ri'Ts^r^^^ 

phenolic novolac resin and was hereinafter designated AMN5. 



Preparation H 



,ntoaone-..ter.three-neckflask equipped withapaddlestrrer^he^^^^^^^^^ 
and Lm^ometerwas Charged molten phenol (^B^-S 9. 3 mo^^ J^^^^ i„ 10-^ 

maintained at 50'C. The phenol was shrred -^^^^^^^^^^J^^ did to '^e flask. W"^ each addition of the 
increments. 91% prilled parafomTaldehyde 9. 2 mo es) was adds ^ dissolution of the 

parafomialdehyde. the temperature of the contente of t^flaj^^^ 
paraformaldehyde, followed by a reaction exotherm. which raised the tempera 
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to between about JO'C to 90°C. After the final addition of the parafomnaidehyde, the contents of the flask were 
heated to reflux for two hours. Next, the reaction contents were cooled to 70<>C and phenothiazine (0.2 g) was 
added. Then, in one portion, 48% aqueous N-methylolacrylamide (840 g, 4 moles) was added to the flask, the 
temperature of the flask and contents were raised to BO°C and maintained at this temperature for 2.5 hours. 

5 The resulting reaction contente were neutralized with a 50% aqueous potassium acetate (0.5 g) and then cooled 
to 60<'C by placing the flask in a water bath. At this point, the stirring was discontinued and the reaction contents 
were allowed to stand. A two-phase system rapidly formed. When the temperature of the reaction contents 
reached 40°C, the top aqueous phase was discarded. The lower phase, which weighed approximately 500 g, 
was a creamy, viscous resin. The resulting material was an acrylamidomethylated phenolic novolac resin and 

10 was hereinafter designated AMN6. 

Preparation I 

Into a five-liter, Morton flask, equipped with a paddle stinrer, heating mantle, water-cooled condenser, and 
15 . thermometer was charged molten phenol (1506 g, 16 moles). The temperature of the flask and phenol was 
maintained at 50°C. The phenol was stirred as p-toluenesulfonic acid hydrate (8.0 g) was added. Next, 91% 
prilled paraformaldehyde (354 g, 10.7 moles) was added to the flask at such a rate that the reaction temperature 
did not exceed QO'C This paraformaldehyde addition required approximately 45 minutes and afterwards the 
reaction contents were refluxed for two hours. Then the reaction contents were cooled to 9(yc. Next, into the 
20 flask was charged phenothiazine (0.2 g), followed by 48% aqueous N-methylolacrylamide (2688 g. 12.8 moles). 
The temperature of the reaction contents dropped to about 70<'C. The flask and contente were heated to BO'C 
and held for two hours at this temperature. Then a 50% aqueous potassium acetate solution (9 g) was added 
to neutralize the reaction contents and stirring was stopped. The reaction contents were cooled to room tenv 
perature In a water bath. The aqueous phase was decanted and discarded, leaving about 3000 g of a creamy, 
25 viscous resin. The resulting material was an acrylamklomethylated phenolic novolac resin and was hereinafter 
designated AMN7. 

Preparation J 

30 Into a five-liter, split resin flask equipped with a heating mantle, water-cooled condenser, paddle stirrer, 

and thermometer were charged molten phenol (1505 g, 16 moles) and p-toluenesulfonic acid hydrate (8 g). 
The mixture was stirred as 91% prilled paraformaldehyde (264 g, 8 moles) was added to the flask at such a 
rate to maintain the temperature of the reaction contents at or betow Qtyc. This time of addition of the para- 
fonmaidehyde was approximately 55 minutes, after which the reaction contents were refluxed for two hours. 

35 Next, the reaction contents were cooled to 70''C and charged with 48% aqueous N-methylolacrylamide (2700 
g. 12.8 moles), followed by phenothiazine (0.2 g). The reaction contents were heated to 80»C and held at this 
temperature for two houre. The mbcture was then cooled to 65»C and the stirring was discontinued. The reaction 
contents were allowed to cool to room temperature overnight and then transferred to a separatory funnel. The 
bottom, resinous layer was collected and transferred to a container Impervious to ultraviolet light The resulting 

40 material was an acrylamMoineUiylated phenolic novolac resin and was hereinafter designated AMN8. 

Disc Test 

The Disc Test measures the time required for abrasive grain to shell, i.e., release prematurely from the 
45 coated abrasive. Coated abrasive discs (178 cm diameter) made according to the examples having a 2.2 cm 
mounting hole were attached to a 16.5 cm diameter, 15.2 cm thick hand phenolic backup pad, which was in 
tum mounted on a 15.2 cm diameter steel flange. The coated abrasive discs were rotated counterclockwise at 
3,550 rpm. The. 1 .8 mm peripheral edge of a 25 cm diameter4130 carbon steel disc shaped woriqjiece, oriented 
at an 1 8.5° angle fmm a position normal to the abrasive disc and rotated counterclockwise at 2 rpm, were placed 
50 in contect with the grain-bearing face of the abrasive disc under a load of 2.9 kg. The endpoint of the test was 
8 minutes or when the disc began to shell. At the end of the test, the workpiece was weighed to determine the 
amount of metel cut (abraded) from the workpiece. Add Itionally, the coated abrash/e discs were weighed before 
and after testing to determine how much abrasive grain/bond system was lost during use. 

55 Belt Test 

A coated abrasive belt was installed on a constent rate plunge grinder and was used to abrade the 1.91 
cm diameter face of a 1 095 tool steel rod at a rate of 5 seconds/rod until the coated abrasive shelled. The contect 

- 17 
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wheel was a serrated 60 Shore A durometer rubber contact wheel. The belt speed was 2250 meters/minute. 
The experimental enror on this test was +/- 10%. 

Comparative Example A and Examples 1-7 

Comparative Example A and Examples 1 through 7 demonstrate various embodiments of the invention. 
The solvent used in these examples was a 50/50 weight blend of water and 2-ethoxyethanol. 



Comparative Example A 

A conventional coated abrasivB fibre disc was made according to the following procedure. A make coat 
precursor containing 54% by weight of a resole phenolic resin (83% solids) and 46% by weight CMS filler was 
prepared.. This make coat precursor was applied to a 0.76 mm thick vulcanized fibre backing at a wet weight 
of 1 80 g/m2. Next, grade 50 heat treated fused aluminum oxide was drop coated into the make coat at a weight 
of 570 g/m2. The resulting article was precured for 90 minutes at a temperature of sa'C. Next, a size coat pre- 
cursor was applied over the abrasive grains at a wet weight of 280 g/m*. The size coat precursor consisted of 
32% by weight of a resole phenolic resin (76% solids) and 68% by weight cryolite. The resulting coated abrasive 
was precured for 90 minutes at a temperature of 88°C and then final cured for 10 hours at a temjaerahire of 
lOO'C. During themial curing, the resole phenolic resin was polymerized into a thermoset polymer. The discs 
were then baled and humidified at 45% relative humWIty. The discs were flexed prior to being tested according 
to the Disc Test Procedure. The test results are set forth in Table I. 

Example 1 

The coated abrash^e disc of this example was made in the same manner as was that of Comparative 
Example A. except that a different size coat precursor and a different size precure were employed. The size 
coat precursor consisted of 32% by weight binder precursor and 68% by weight cryolite. The binder precursor 
(76% solids) consisted of 25% by weight AMN1, 0.375% by weight PHI. and 75% by weight resole phenolic 
resin. After the size coat precursor had been applied, the coated abrasive surface was exposed four times at 
305 cm/minute to a single Fusion Systems 300 watts/inch "D" bulb. Then the coated abrasive article received 
a thermal precure for 90 minutes at a temperature ofa&'>C and a thermal final cure for ten hours at« temperature 
of100»C. 



Example 2 

The coated abrasive disc of this example was made in the same manner as was that of ComparaBve 
Example A, except that a different make coat precursor and a different make coat precure v»ere employed. The 
make coat precursor consisted of 54% by weight binder precursor and 46% by weight CMS. The binder pre- 
cursor (86% solids) consisted of 50% by weight AMNl. 0.76% by weight PH1. and 50% by weight resole 
phenolic resin. After the abrasive grains had been applied, the coated abrasive surface was exposed three 
times at 305 cm/minute to a single Fusion Systems 300 watts/inch "D" bulb. 



Example 3 

The coated abrasive disc of tiiis example was made in the same manner as was that of Example 2. except 
that a different size coat precursor and a different size coat precure were employed. The size coat precursor 
consisted of 32% by weight binder precursor and 68% by weight cryolite. The binder precursor (76% solids) 
consisted of 25% by weight AMNl . 0.375% by weight PHI, and 75% by weight resole phenolic resin. After the 
size coat precursor had been applied, the coated abrasive surt^ace was exposed four times to ultraviolet light 
at 305 cm/minute to a single Fusion Systems 300 watts/inch "D" bulb. Then the coated abrasive received a 
thermal precure for 90 minutes at a temperature of 88»C and a final themial cure for ten hours at a temperatore 
of100°C. ■ . 

Example 4 

The coated abrasive disc of this example was made in the same manner as was that of Comparative 
Example A, except that a different make coat precursor and a different make coat precure were employed. The 
make coat precursor consisted of 54% by weight binder precursor and 46% by weight CMS. The binder pre- 
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cursor (76% solids) consisted of 60% by weight AMN1. 0.88% by weight PHI. and 40% by weight resole 
phenolic resin. After the abrasive grains had been applied, the make coat precursor was exposed to ultraviolet 
light three times at 305 cm/minute to a single Fusion Systems 300 watts/inch "D" bulb. 

Example 5 

The coated abrasive disc of this example was made in the same manner as was that of Example 4. except 
that a different size coat precursor and a different size coat procure were employed. The size coat precursor 
consisted of 32% by weight binder precursor and 68% by weight cryolite. The binder precursor (76% solids) 
consisted of 25% by weight AMN1 , 0.375% by weight PH1 , and 75% by weight resole phenolic resin. After the 
size coat precursor had been applied, the coated abrasive surface was exposed to ulb-aviolet light four times 
at 305 cm/minute to a single Fusion Systems 300 vratts/inch "D" bulb. Next, the coated abrasive received a 
thermal precure for 90 minutes at a temperature of aB'C and a final thennfial cure for ten hours at a temperature 
of100°C. 

Example 6 

The coated abrasive disc of this example was made in the same manner as was that of Comparative 
Example A, except that a different malce coat precursor and a different make coat precure were employed. The 
make coat consisted of 54% by weight binder precursor and 46% by weight CMS. The binder precursor (76% 
solids) consisted of 70% by weight Ah/INI , 1 % by weight PHI , and 30% by weight resole phenolic resin. After 
the abrasive grains had been applied, the coated abrasive, surface was exposed to ultraviolet light three times 
at 305 cm/minute to a single Fusfon Systems 300 watts/Inch "D" bulb. 

Example 7 

The coated abrasive disc of this example was made in the same manner as was that of Example 6. except 
that a different size coat precursor and a different size coat precure were employed. The size coat precursor 
consisted of 32% by weight binder precursor and 68% by weight cryolite. The binder precursor. (76% solWs) 
consisted of 25% by weight AMN1 . 0.375% by weight PH1 . and 75% by weight resole phenolic resin. After the 
size coat precursor had been applied, the coated abrasive surface was exposed four times at 305 cm/minute 
to a sifigle Fusion Systems 300 wattsflnch "D" bulb. Next, the coated abrashre received a precure for 90 minutes 
at a temperature of 88''C and a final cure for ten hours at a temperature of 100'C. 

Table I 





Average 




Average 




cut 


% of Comparative 


disc weight 


Example 


(Q) 


Example A 


loss (g) 


Comparative 


A 106 


100 


0,5 


1 


116 


110 


0.6 


2 


121 


114 


0.6 


3 


.120 


113 


■ 0.8 . 


4 


116 


109 


0.5 


5 


108 


102 


1.0 


6 


120 


114 


0.6 


7 . 


105 


99 


1.1 



These data illustrate that the binder of this invention can equal, and in many Instances, exceed the per- 
fbnnance of a conventional resole phenolic resin binder. 
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. Examples n - " p ^..h Px^mples 8 and 9 

T.ese examples compare tne^nderpre^^^^^^^^^^ 
resins that have been blended with ^►'^^^"V ^^f^^'^ ^^^^^^^^^ the Belt Test The results are set 

;tfntJeVa";d%2.^^^^ 



TOnn III .AAnan- 

five hours at a temperature of 140 C. 
Comparative Example B 



amparauvc i^o»ik'» ^ 
.necoatedabraslvebenofthlsexampleuse^a^^a^ 
in the make coat and a conventional P";-;''^;^^;; *^ w^v^pTester cloth backing. The backing c«n- 
the coated abrasive was a Y weight sateen ^o"^ f^' aSphenolic resin/calcium carbonate backsize 
tained a conventional latex/phenolic ^fj" -^^TblX the make coat consisting of 194 g 

coating, and a 'atex/phenol.c resin pre^^^^^ jeffersontown. Kentucky). 92 g of acrylated 

of a diacrylated epoxy resin (NOVACURE ^^OJ- H^^e^^^^^^^ tetraethylene glycol diacrylate. 

epoxy resin (RDX aosaT. H-Tek P^ymer JefT^^^^^^^^ 9 ,9.4 g of tet: 

9 of a resole phenolic resm (S"-^"^^' Sn^p^^o't^,^' ota M?ning and Manufacturing Company. St 
methylene glycol diacrylate. 0.5 g of ^^^jf^^^"*^^^^^"^^^^^ company. St. Louis. Missouri). 1 .5 g of a sur- 
Paul. Minnesota). 0.5 g of a ,<^°°''^,^^',^°e^ Pigment Dispe-sions. Inc.) was prep- 

factant (W-980. BYK Chemie). and ^ ^^J.^'^^^^^^^^^ combined with 233 g of calcium carbonate 

ared. The make coat precursor ^^^^."^ 5J% curable resin. 33% by weight 

finer. The make coat precursor con amed f J^^^^^^^^^^^ applied to the backing at an average 
phenolic resin, and 23% by weight filler^ oxide abrasive grains were applied over the 

wet weight of 230 g/m^. -Tl^r 1? t J h^^n^m^e coSabmsWe grain composite was exposed to an eleo 
rnake coat at a weight of 612 s^^. The ba*in^ma^^^^ 

.ron beam at6 meters/minute. 600 KeV ^"f ^"^^^t J^nSl pre^^^^^ and 52% by weight calcium carbonate, 
conslstedof 48% by weightresole phenoHcresm a^^^^^^^ 

The Size coat precursor was dilutedwith so>ventto 78 /o^'^«- ^^,„,«„g material was placed in a 

wet weight of 240 g/m^. After.the stee coat preou^^^^^^ 

Comparative Example C 

,M«s o< 12.5 kg of bM» fcoamc " 90% »M.. ami »« cesote phenolic r»h 

Comparative Example D 

, . ~^:::::;::^ebe.tofthi^^ 

paratlve Example B. except that a different mate c^a^ P^^^^^^ 

sisted 10.4 kg of binder precursor and 9-36 kg °;ffjf '"•"^""q" the resole phenolic resin con- 

Zp and 5.6'kg of a resole P^-;'--'^^^^ Su^ "e overall solids content to 90%. 

Comparative Example E 

Manufacturing Company. St. Paul. Minnesota. 
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Example 8 

The coated abrasive belt of this example was made and tested in the same manner as was that of Com- 
parative Example B. except that a different make coat precursor was employed. The make P;«~^°^ 
s sisted of 13 kg of binder precursor and 3.6 kg of calcium carbonate. The.binder precursor consisted of 8.3 kg 
' 0MMN2 and 4.7 kg of a resole phenolic resin. The AMN2 contained 80% soUds. and the ^f^J^^-^^^^^^ 
«,nta|ned 62% solWs. Solvent was added to the make coat precursor to reduce the overall solids content to 
85%. 
10 Example 9 

The coated abrasive belt of this example was made and tested in the same manner as was that of Com- 
parative Example B, except that a different make coat precursor was employed. The make coat P^ecureor corv 
sisted of 10.67 kg binder precursor and 9.36 kg of calcium carbonate, ^he brnder precursor <^^^^^^^ 
« kg of AMN2 and 5.27 kg of a resole phenolic resin. The AMN2 contained 80% solids and the resole phenolte 
Hsin contained 82% solids. Water was added to the make coat precursor to reduce the overall sol.ds content 
to 90%. The dose of the electron beam was increased to 10 megarads from 5 megarads. 

Table II 



Example 



Comparative E 
Comparative B 
Comparative C 
comparative D 

9 



Total cut (7^ comparative Example E 



349.7 
37.1 
108.5 
266,2 
194 
266.9 



100 
10.6 
31 
76 
5S 
76 



Example 



Comparative C 
Comparative P 
8 
9 



% of 

Total cut (c ^^ comparative Ex ample E 



comparative E ^49. 7 

189.1 54 



331.9 



100 
54 
95 



248.5 71 
382.8 



Comparative Example F and Examples 10-17 

These examples compared the grinding performance of coated abrasives articles conteining various 
acrylar^ domethylated phenolic novolac resins. The coated abrasive articles were 

?2^;rocedure. wet Surface Grinding Test, and the Dry Surface Grinding Jest The Wet Surface Gnndmg Test 
w^ Sally the same test as described in U.S. Patent No. 4.903.440. column 15. lines 41-57. under the 
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heading TP4- Test Procedure Four, incorporated herein by reference, except that the metal wheel speed was 

^SS^Z'£^ "L«.^l »as Y weigh. s«W,l,o™iea do*. Th. f ."^f^tt 
ph, L JTx re\,„ and p,.=.^ In an oven I. p.«ia», c»ejhe ' ^'^^^ 

ttis set of examples was a mixture of water and C,HsO(CH^OH m a 90:10 ratio. 
Comparative Example F 

A make coat precursor that contained 48% by weight of a resole phenolic resin and 52% by weight CMS 
filter wTs b^MreS T^lTmake coat precursor (84% solids) was applied to the backing at a wet weight of 310 

sTve was precured for 90 minutes at a temperature of SS-C and then received a final cure of 10 hours at a tem- 
perature of 100'C. 

Example 10 

Amake coat precursor that contained 28.8% by weight AMN4. 19.2% by weightofar^^^^ 
0 75% by weight PHI, and 52% by weight CMS filler was prepared. This make coat P™="^^ j^^/' 

sSewLcuredforlOhoursatatemperature of 100-C. and then cured forfour hours atatemper^ 
Example 1 1 

The coated abrasive for Example 1 1 was made in the same manner as was that of Example 10. except 
thatihe s~e c^at pT^rJor (81% Lids) consisted of 19.2% by weight AMN4. 28.8% by weight of a resole 
phenolic resin, 0.75% by weight PHI . and 52% by weight CMS filler. 

Exampie12 

The coated abrasive for Example 12 was made In the same manner as was that 
that^^eSftmake coat precursor and Size coatprecu^c^wereem^o^^^^^^^^ 

ids) contained 28.8% by weight AMN6. 19.2% by weight of a resole phenolic resin 0 75 /. .''y ^^f^J^f"^' ^"J 
SKy^eight CMS filL. The size coat precursor (81% solids) consisted of 12% by weight AMN6. 36% by 
we-ight of a resole phenolic resin. 0.75% by weight PHI . and 52% by weight CMS filler. 

Example 13 

The coated abrasive for Example 13 was made in the same manner «^ 'J^^* 
that a different size coat precursor was employed. The size coat precursor "^^^^^^ 
weight AMN6, 28.8% by weight of a resole phenolic resin. 0.75% by weight PHI . and 52% by weight CMS filler. 

Example 14 

The coated abrasive for Example 14 was made in the same manner as was that of Example 10. except 
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that different make coat precursor and size coat precursor were employed. The make coat precursor (88% sol- . 
ids) contained 28.8% by weight AMN7, 1 9.2% by weight of a resole pher,ollc resin 0J5% ."yjf'S^t PHI and 
52% by weight CMS filler. The size coat precursor (81% solids) consisted of 12% by weight AMN7. 36% by 
weight resole phenolic resin. 0.75% by weight PH1. and 52% by weight CMS filler. 

Example 15 

The coated abrasive for Example 15 was made in the same manner as was that of Example U. except 
that a different size coat precursor was employed. The size coat precursor (81% solids) consisted of 16.8% by 
weight AMN7. 31.2% by weight of a resole phenolic resin. 0.75% by weight PH1. and 52% by weight CMS filler. 

Example 16 

The coated abrasive for Example 16 was made in the same manner as was that of Example 10. except, 
that different make coat precursor and size coat precursor were employed. The make coat precursor (88% sol- 
ids) contained 28.8% by weight AMN8. 19.2% by weight of a resole phenolic resin. 0.75% ."V ««'9 J 
52% by weight CMS filler. The size coat precursor (81% solids) consisted of 12% by weight AMN8. 36% by 
weight of a resole phenolic resin. 0.75% by weight PH 1 . and 52% by weight CMS filler. 



The coated abrasive for Example 17 was made in the same manner as was that of Example 16, except 
that a different size coat precursor was employed. The size coat precur^r (81% «°"<2 ^^''^'^^h^p^s SIS' 
weightAMN7 31 2% byweight ofaresole phenolic resin. 0.75% byweightPHI. and 52% by weight CMS filler. 



Example % of Co mparative Example F 
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Example 



Table V 
«..t surface ^-'•^ "ding Test 

* »f comparati'^'' Example F 



Comparative F 


100 


89 


10 


68 


11 


117 


12 


92 


13 


120 


14 


120 


15 


131 


16 


133 


17 





Dry ouii.«a>-B — 

_ * Of ComBarative 


Comparative F 


100 


59 


10 


40 


11 


132 


12 


62 


13 


90 


14 


88 


15 


.114 


16 


111 


17 





optimized so that abrasive products containing same can consistenny ouip« 

under severe grinding conditions. i„„„Ktion will become apparent to those skilled in the art with- 

be unduly limited to the illustrated embodiments set forth herein . 
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Claims ' - 

* An =.h™«ve aftidB comDrisino abrasive grains, and at least one binderformed from a precursor comprising ? 

an Sg^rifa^^nX^esin having on overage at least one pendant a.^unsat^rated carbony, group 

per oligomeric unit 

2 An abrasive article according to claim 1. wherein said oligomeric aminoplast resin ^^h^r has at least one 
„«nHW NHRor -OH functional group, where R represents a hydrogen atom or a substituted or unsu^ 

sBtuents do not inhibit or prevent polymerisation of said aminoplast resin. 

3. An abrasive article according to either of claims 1 and 2. wherein said precursor further comprises atleast 
one condensation curable resin. 

4. AnabrasWeartideaccordlngtodaim3.whereinsaidcondensationcurableresinisselectedfrom 
melamine, and urea resins. 

5. Anabr^lveartideaccordlngtoanyoneofclaims1to4.whereinsaidprecu,sorfurthercomprisesatl^^^^ 
one ethylenlcaliy unsaturated compound. 

6 An abrasive artide according to claim 5. wherein said e*ylenically unsaturated c^npoundte^^ 

benzene, and triacrylate of trls(hydroxyethyl) isocyanurate. 

toluenesufonamide aldehydes, ethyleneurea aldehydes, and mixtures thereof. 
8 Anabraslveartideaccordingtoanyoneofclalmsl toT.furthercomprisingathermalcuringcatal^^ 

ments, and grinding aids. 
10. Anabrash,eartideaccordingtoanyoneofdaims1to9.wheremsaidprecursorfurthercomprise^ 

one photoinitiator. — 
11 An abrasive artide according to any one of daims 1 to 10. wherein said artide is a bonded abrash^e. 

said binder. 

material or said second binder material being formed from said precursor. 

. L. w orfwo flr«,rdlnd to anv one of daims 1 to 1 0. a coated abrasive comprising abrasnre grains 
material formed from said precursor. 

said backsize coat is formed from said precursor. 
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